Objective-To assess and compare the roles of transthoracic and transoesophageal echocardiography in the diagnosis and management of an aortic root abscess. Design-To select patients with echocardiographic diagnosis of aortic valve endocarditis with and without an aortic root abscess and correlate this with a retrospective review of surgical and necropsy data.
Setting-Tertiary referral centre at a university teaching hospital. Patients and methods-34 patients with confirmed aortic valve endocarditis were treated over a four and a halfyear period. All patients underwent both transthoracic and transoesophageal echocardiography with 17 patients having biplane or multiplane imaging. Result-I patients (32%) had an aortic root abscess. Transthoracic echocardiography identified four cases of aortic root abscess whereas transoesophageal echocardiography correctly detected all 11 cases and also detected complications including mitral aortic intervalvar fibrosa fistula in two patients and right atrial involvement in another two patients. Only biplane imaging was able to show an anterior aortic root abscess in one patient and the circumferential involvement of the aortic annulus in another two patients. All patients with an aortic root abscess were treated surgically after transoesophageal echocardiographic diagnosis. After operation, prosthetic aortic regurgitation was present in seven patients and a repeat operation was performed in three patients. Only transoesophageal echocardiography detected a postoperative aorto-right atrial fistula in two patients and recurrence of the root abscess in another.
There were five deaths in hospital (45%/6). Infection of the aortic valve may extend into the annulus and the mitral aortic intervalvar fibrosa resulting in the formation of an aortic root abscess. These structures are relatively avascular and offer little resistance to infection. In necropsy and surgical series, this serious complication has been reported in up to 40% of patients with native aortic valve endocarditis and the incidence is higher in patients with prosthetic aortic valve endocarditis.4 As the presence of an aortic root abscess is usually an indication for urgent surgery, its prompt and accurate diagnosis is essential if perioperative morbidity and mortality are to be reduced and surgical repair facilitated. Aortic root abscess has often been difficult to diagnose preoperatively by transthoracic echocardiography. Transoesophageal echocardiography, with its better image quality due to the close proximity to cardiac structures and the use of a higher frequency transducer, has been shown to be better than transthoracic echocardiography in the detection of valvar vegetations7 and the assessment of associated dysfunction of the prosthetic valve. 8 There is little information available on the role of transoesophageal echocardiography in the detection and management of aortic root abscess and its complications.910 Therefore, the aim of our study was to assess the role of transoesophageal echocardiography in the diagnosis and management of an aortic root abscess both before and after surgical intervention. 4-6 (1-12) weeks. S aureus was the causative organism in five of the 11 patients (45%). The underlying aortic valve was a porcine heterograft in four (36%), St Jude prosthesis in two (27%), bicuspid aortic valve in three (27%), and native tricuspid aortic valve in two (18%). PREOPERATIVE ECHOCARDIOGRAPHIC FINDINGS (sensitivity 100%). The most common site for an aortic root abscess was the posterior region of the aortic annulus (fig 1, n = 7) . In two other patients the whole aortic annulus was involved resulting in aortoventricular discontinuity. The annulus in the region of the left coronary cusp was involved in one patient and the anterior half of the annulus in another. The echocardiographic appearances of aortic root abscess ranged from a diffusely thickened aortic root in early cases to multiple echolucent spaces near the aortic annulus in more advanced cases.
Patients and methods

PATIENTS
Four of the 11 patients with aortic root abscess had monoplane transoesophageal imaging and seven had biplane examination.
The longitudinal plane image available in these seven patients provided considerable additional information. Biplane imaging was able to diagnose aortoventricular discontinuity in two patients by clearly showing the anterior extension of the aortic root abscess in the longitudinal plane (fig 2) . In patient 5, the aortic root abscess was seen only in the longitudinal plane due to its anterior location ( fig  3) . In all four patients with prosthetic aortic regurgitation (patients 2, 6, 8, 10), the longitudinal plane showed the site of periprosthetic aortic regurgitation to be in the posterior aortic annulus.
Only transoesophageal echocardiography detected local complications of aortic root abscess in four patients. In two patients, the aortic root abscess resulted in an aneurysm of the mitral aortic intervalvar fibrosa that had ruptured into the left atrium leading to formation of a fistula (patient 3, 7, fig 4) . In another two patients, the membranous ventricular septum was involved and an echodense mass was seen extending from the aortic annulus into the right atrial cavity (patients 4, 5 aortic valve replacement with repair of the aortic root (patient 3). One patient had aortic valve replacement with debridement and closure of the abscess cavity (patient 11). St Jude's valve prostheses were used in all patients except the two who had homograft replacement.
There were five deaths in hospital in the aortic root abscess group (mortality 45%). Three patients died of uncontrolled sepsis with an intracardiac fistula (patients 3, 4, 5). One critically ill patient died during induction of anaesthesia (patient 1), and one patient died of postoperative low cardiac output syndrome on day 1 (patient 2).
ROLE OF TRANSOESOPHAGEAL ECHOCARDIOGRAPHY IN PREOPERATIVE MANAGEMENT
The diagnosis of aortic root abscess was made by transoesophageal echocardiography within 24 hours of admission in eight patients. In the remaining three patients diagnosis was delayed because of delay in referral for transoesophageal echocardiography after initial negative transthoracic studies. All 11 patients were referred for consideration of surgery after the diagnosis of aortic root abscess was made by transoesophageal echocardiography. Surgery was recommended in five patients on the basis of transoesophageal echocardiographic finding of the presence of an aortic root abscess alone without significant aortic regurgitation. In the remaining six patients, surgery was undertaken based on the transoesophageal echocardiographic findings of both an aortic root abscess and important aortic regurgitation. Six patients had urgent surgery within 36 hours of the transoesophageal echocardiographic diagnosis. Surgery was delayed in five patients because of the need to refer the patients to another hospital for homograft aortic root replacement in two cases, the need for drainage of a complicating cerebral abscess in one case and low virulence of causative organism and the desire to establish antibiotic treatment in two cases.
POSTOPERATIVE ECHOCARDIOGRAPHIC FINDINGS
Transthoracic echocardiographic studies were performed in nine patients and transoesophageal studies in seven patients after operation. All postoperative studies were performed within two weeks of the operation except for the two patients who had homograft aortic root replacement at another hospi- Arnetts and Roberts found an aortic valve ring abscess at necropsy in 21 of 52 patients (49%) with native aortic valve endocarditis, and in all 15 patients (100%) with prosthetic aortic valve endocarditis.4 In a later necropsy series of 59 patients with aortic valve endocarditis reported by the same workers, 24 patients (41%) had a root abscess. 5 The overall incidence of aortic root abscess in aortic valve endocarditis in our series of patients was 32% with the incidence of this complication in the presence of an aortic prosthesis being 60%.
PREVIOUS ECHOCARDIOGRAPHIC STUDIES
Before the advent of transoesophageal echocardiography, transthoracic echocardiography had been reported to be useful in the detection of an aortic root abscess before operation'21617 with a reported sensitivity for the detection of an aortic root abscess ranging from 18% to 67%.1o 1819 Karalis et al reported the use of transoesophageal echocardiography in detecting subaortic complications of aortic valve endocarditis in 24 cases,9 but they did not specifically examine the role of transoesophageal echocardiography in the management of these patients. Moreover, the sensitivity of transoesophageal echocardiogra-phy in diagnosing these complications could not be determined because only patients with subaortic complications documented on transoesophageal echocardiography were included in the study. In another series of patients described by Daniel et al, the overall sensitivity of transoesophageal echocardiography for diagnosing abscesses associated with endocarditis was 87% and the specificity was 94-6%.10 Transoesophageal echocardiography did not detect an aortic root abscess in four of the 26 patients with this complication (sensitivity 85%). The lower sensitivity in this series compared with ours may have been due to the use of only monoplane imaging in all cases.
ROLE OF TRANSOESOPHAGEAL ECHOCARDIOGRAPHY IN MANAGEMENT
Early preoperative diagnosis of aortic root abscess in our patients was made possible by transoesophageal echocardiography without which surgery might have been considerably delayed in many of our patients. Preoperative detection of the complications of an aortic root abscess with transoesophageal echocardiography was also helpful in planning the surgical approach.
Transthoracic echocardiography has important limitations after operation due to artefacts and masking of colour flow by prosthetic material and image degradation from mechanical ventilation. Transoesophageal echocardiography was able to overcome these difficulties, providing valuable information about the site of periprosthetic regurgitation, recurrence of the root abscess, or development of a fistula.
MONOPLANE V BIPLANE TRANSOESOPHAGEAL
ECHOCARDIOGRAPHY
With the biplane probe, the aortic valve could be seen in both the short and the long axes in most patients in the longitudinal imaging plane when the probe tip was flexed laterally. Biplane imaging was especially important in detecting involvement of the anterior aortic root annulus by the abscess, which was poorly seen by conventional monoplane imaging.
The longitudinal plane provided the only means of detecting the root abscess in one patient and accurately defined the involvement of the circumference of the annulus in two other patients.
LIMITATIONS OF OUR STUDY
The sensitivity and specificity of transoesophageal echocardiography in our study in diagnosing aortic root abscesses in patients with surgical or necropsy corroboration was 100%. Of the 34 patients with proved aortic valve endocarditis, 10 were managed medically and there was one death in hospital and one late death. Necropsy studies on these two patients did not show an aortic root abscess. Eight patients were managed medically and it was therefore possible that an aortic root abscess may have been missed by transoesophageal echocardiography in these patients. Their favourable clinical course with antibiotic treatment alone makes the presence of an aortic root abscess very unlikely. The small number of patients with an aortic root abscess treated in a single referral centre, and the fact that a few early patients had monoplane transoesophageal echocardiography were other limitations of this study. A 29 year old man presented with, an acute attack of asthma. His regular medications included inhaled ipratropium bromide and salbutamol and he had been taking oral theophylline for three days before presentation. The peak expiratory flow rate was 160 I/min rising to 350 I/min after administration of 5 mg of nebulised salbutamol. Posteroanterior chest radiography, arterial blood gas analysis, and white cell count were unremarkable. There were no identifiable risk factors for coronary artery disease.
He was given a further three doses of 2-5 mg of nebulised salbutamol over the next 7 h and when the last dose was given he complained of mild chest discomfort. An electrocardiogram performed during the period of discomfort showed sinus tachycardia with upsloping ST segment depression in the septolateral leads. The pain ceased promptly when he stopped using the nebuliser, and the electrocardiogram reverted to normal (fig). Similar pains and electrocardiographic changes occurred after repeat nebuliser admistration of salbutamol 12 h later. He reverted to aerosal delivery of salbutamol and did not experience further pain.
At the time of the first episode of pain serum creatine kinase was 303 1U/l (normal 30-250 IU/l) lactate dehydrogenase 342 IU/l (normal 100-200 IU/l), and the aspartate transaminase concentration was normal. Repeated estimations over the next 2 days were normal.
A week later a routine electrocardiogram remained normal and transthoracic echocardiography was normal. Treadmill exercise electrocardiography using the standard Bruce protocol showed 2 mm planar ST segment depression in leads V4-6, with a walking time of 12 minutes limited by fatigue. The maximal heart rate was 160 beats/min and no chest pain was reported. The same response was seen 1 h later after the administration of 2-5 mg salbutamol by nebuliser.
Ten days after admission, coronary angiography showed that the left anterior descending artery was occluded at its origin, filling retrogradely from the right coronary artery. Both the left circumflex and right coronary arteries were normal. Left ventricular end diastolic pressure was 16 mm Hg, and the ventriculogram seemed normal with no significant impairement of anterior wall motion.
Comment
Inhaled fJ2 agonists increase systolic blood pressure, reduce diastolic blood pressure, and are positive motropes
The electrocardiogram may show reduced T wave amplitude and prolongation of the corrected QT interval (QTc).' 2 Positive chronotropic effects have been reported to hasten the onset of exercise-induced ischaemia in those with known occlusive coronary artery disease, an effect possibly heightened by steal from subendocardial to the subepicardial vessels.' A 60 year old hypertensive smoker had a myocardial infarction while using a salbutamol nebuliser,4 and severe ischaemia was seen in three other patients with previously diagnosed ischaemic heart disease.
Our case is unusual because the patient's age, lack of risk factors, normal resting electrocardiogram and lack of prior symptoms meant that without the chance use of nebulised salbutamol coronary disease might never have been suspected. Furthermore, abnormal electrocardiographic changes occurred readily with inhaled salbutamol but only late and at much higher heart rates during exercise, suggesting a role for subendocardial steal.' Patients in whom unusual electrocardiographic changes are seen during treatment with /32 agonists should be closely examined even if the diagnosis of ischaemic heart disease seems unlikely.
